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Fluoroalkylphosphate salts, and process for the 
preparation of these substances 



5 The present invention relates to fluoroalkylphosphate salts and to a process 
for their preparation. The present invention furthermore relates to mixtures 
which comprise the fluoroalkylphosphate salts according to the invention, and 
to the use of these salts or these mixtures in electrolytes, primary batteries, 
secondary batteries, capacitors, supercapacitors or galvanic cells. 

10 

The spread of portable electronic equipment, such as, for example, laptop and 
paimtop computers, mobile telephones or video cameras, and thus also the 
demand for lightweight and high-performance batteries, has increased dra- 
matically worldwide in recent years. 

15 

In view of this suddenly increased demand for batteries and the associated 
ecological problems, the development of rechargeable batteries with a long 
service life is of constantly increasing importance. 



20 Rechargeable lithium ion batteries have been commercially available since the 
early nineties. Most of these batteries work with lithium hexafluorophosphate 

' as conductive salt. However, this lithium salt is an extremely hydrolysis-sensi- 
tive compound with low thermal stability, and consequently the corresponding 
lithium batteries, owing to these properties of the salt, can only be produced by 

25 very complex and thus also very expensive processes. 

In addition, the sensitivity reduces the service life and the performance of 
these lithium batteries and also impairs their use under extreme conditions, 
such as, for example, high temperatures. 

For these reasons, lithium perfluoroalkylfluorophosphates, which have better 
30 chemical and electrochemical stabilities and high discharge efficiency com- 
pared with conventional LiPFe. have been developed for lithium batteries as 
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conductive salts in electrolytes of high-energy lithium batteries. The high 
hydrolysis stability of lithium perfluoroalkylfluorophosphates makes them inter- 
esting as powerful lithium batteries in electric vehicles (M. Schmidt. U. Heider, 
A. Kuhner, R. Oesten, M. Jungnitz, N. Ignat'ev, P. Sartori. J. of Power Sources 
5 (accepted), WO 98/15562 (Merck KgaA), P 100 08 955.0 (Merck KgaA), N. 
Ignat'ev and P. Sartori, J. of Fluorine Chem., 101 (2000). p. 203-207). 
The disadvantage of these substances lies in their high molecular weight and 
the resultant low content of Li^ cations per weight unit of conductive salt. 

10 The object of the present invention was therefore to provide stable conductive 
salts having a higher content of cations per weight unit of conductive salt. 
A further object of the invention was also to extend or Improve the service life 
and the performance of primary and secondary batteries, capacitors, super- 
capacitors and/or galvanic cells. 



15 



20 



25 



This object is achieved by the provision of novel fluoroalkylphosphate salts of 
the general formula (I) 

(Ma+)bI(CnF2n+l.mHm)yPF5-y(CRiR2)xPF5.y(CnF2n+1-mHm)yl ^'"\a*b / 2) 

(I) 

in which 

M^"*" a monovalent, divalent or trivalent cation, 
a = 1, 2 or 3. 



b = 2 for a = 1 , 
b = 2 for a = 3, 
30 b = 1 for a = 2 
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and in each case 
1 <n<8, 

5 0 < m < 2 for n = 1 or 2, 

0 :S m < 4 for 3 < n ^ 8, 

1 <x< 12, 
0<y <2, 

where Ri and R2 are identical or different and are selected from the group 
consisting of fluorine, hydrogen, alkyi, fluoroalkyl and perfluoroalkyi sub- 
stituents, and 

where the substituents (CnF2n+i-mHm) are in each case identical or differ- 
ent. 

Preference is given to fluoroalkylphosphate salts of the general formula (I) 
according to the invention in which the cation M^* is an alkali metal cation, 
preferably a lithium, sodium or potassium cation, particularly preferably a lith- 
ium cation, a magnesium or aluminium cation. 

Preference is furthermore also given to fluoroalkylphosphate salts of the gen- 
25 era! formula (I) in which the cation M^"** is an organic cation, preferably 

a nitrosyl cation, a nitryl cation or a cation of the general formula [N(R^)4]''', 

[P(R^)4l"^, [P(N(r7)2)41"^ or [C(N(r7)2)3]'^, where the radicals R^ are in each 
case identical or different and stand for 

30 
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H or alkyi (Ci-io), 

where any H atoms in the alkyI chain may be substituted by fluorine or an 
aromatic radical, optionally containing heteroatoms, or a cycloalkyi radical, 
5 preferably having 5-6 members, and/or C atoms in the alkyI chain may be 
replaced by heteroatoms, preferably oxygen. 

The aromatic or cycloaliphatic radical A employed, which may optionally con- 
tain heteroatoms. may be any aromatic, heteroaromatic or cycloaliphatic radi- 
10 cais known to the person skilled in the art and suitable for the preparation of 

[N(r7)4]+. [P(r7)4]+. [P(N(r7)2)4]+ or [C(N(r7)2)3]+ cations. 

A is preferably in each case a 5- or 6-membered aromatic radical, optionally 
containing nitrogen and/or sulfur and/or oxygen atoms, or a cycloalkyi radical, 
15 preferably having 5 or 6 members, particularly preferably a phenyl or pyridine 
radical. 

In a further preferred embodiment of the present invention, the cation M^'*' is a 
heteroaromatic cation selected from the group consisting of the heteroaromatic 
20 cations of the general formula (II) to (IX): 




+ 
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(VIII) (IX) 



5 The radicals r'' to , which may in each case be identical or different, are an 
H radical, a halogen radical, preferably a fluorine radical, or a Ci^alkyl radical, 
which may optionally be substituted by the substituents F, CI, 

N(CrF(2r+1-s)Hs)2. 0(CrF(2r-1-s)Hs). S02(CrF(2r+i- sps) O"" CrF(2r+1-s)Hs. 
in which 1 < r < 6 and 0 < s < 13. 
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It is also possible for two of the radicals r'' to together to be a Ci.8-alkyl 
radical, which may optionally be substituted by the substituents F, CI. 
N(CrF(2r+i-s)Hs)2' 0(CrF(2r+1-s)Hs). S02(CrF(2r+1- s)^s) CrF(2r+1-s)Hs' 
in which 1 < r < 6 and 0 < s < 2r+1 . 
5 It should be noted that the radicals to in the heteroaromatic cations of 

the general formula (II) to (IX) cannot be halogens if the radicals R'' to R® are 
bonded directly to nitrogen. 

Preference is likewise given to fluoroalkylphosphate salts of the general for- 
10 mula (I) in which 1 ^ n < 6. preferably 1 < n < 3. 

# 

Preference is also given to fluoroalkylphosphate salts of the general formula (I) 
in which 1 ^ x ^ 8, preferably 1 < x < 4. 

1 5 Particular preference Is given to fluoroalkylphosphate salts of the general for- 
mula (I) in which m = 0. 

Very particular preference is given to fluoroalkylphosphate salts of the general 
formula (I) in which y = 2. 

20 

9 Very particular preference is also given to the fluoroalkylphosphate salts of the 
general formula (I) according to the invention in which Ri and R2 are = fluorine. 

Particular preference is given to the fluoroalkylphosphate salts of the general 
25 formula (I): 

(Li+)2[(C2F5)2PF3(CF2)2PF3(C2F5)2l(2"^ 

and 

(N(C2H5)4+)2l(C2F5)2PF3(CF2)2PF3(C2F5)2](2-) 
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The salts of the general formula (I) according to the invention can be 
employed, both In pure form and In the form of their mixtures, as conductive 
salts In electrolytes, primary and secondary batteries, capacitors, super- 

5 capacitors and/or galvanic cells. The salts according to the invention are pref- 
erably used In pure form as conductive salts since in this way particularly good 
reproducibility of the electrochemical properties can be ensured. 
However, it is likewise possible to use the salts according to the invention as 
conductive salts In the form of a mixture with further salts known to the person 

10 skilled in the art. 

They can be used in proportions of between 1 and 99% in combination with 
other conductive salts used in electrochemical cells. Suitable are. for example, 
conductive salts selected from the group consisting of LiPFe, LiBF4, LICIO4, 
15 LIAsFe. LiCFaSOa. LiN(CF3S02)2. LiN(CF3CF2S02)2, LiC(CF3S02)3 or lithium 
fluoroalky I phosphates of the general formula Li[PF(6-c)(CdF2d+i)], where 
1 < c < 5 and 1 < d < 8, and LiN[S02(CeF2e^^i)]2, LiCS02(CeF2e+i)]3 and 
LiIS03(CeF 2e+i)]i where 2 < e < 8, and mixtures thereof. 

20 The salts of the formula (I) and mixtures thereof can likewise be used in elec- 
trolytes for electrochemical cells. 

' The electrolytes may also comprise organic isocyanates (DE 1 99 44 603, 
where this citation is hereby incorporated by way of reference and is thus 
regarded as part of the disclosure) in order to reduce the water content. 

25 

The invention furthermore relates to a process for the preparation of fluoro- 
alkylphosphate salts according to the invention. In this process, at least one 
a,a)-bis[fluoro(fluoroalkyl)fluorophosphorano)fluoroalkane is reacted with at 
least one fluoride salt of the general formula (X) 

30 
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(M^*)lF]a 



(X) 

in which (M^^) and a are as defined above, in solution to give a fluoroallcyl- 
phosphate salt of the general formula (I) according to the invention, and the 
latter is, where appropriate, purified and/or isolated by conventional methods. 



In a prefen^ed embodiment of the process according to the invention, the a,co- 
bis[fluoro(fluoroalkyl)fluorophosphorano)fluoroalkanes employed are at least 
1 0 one compound of the general formula (XI) 

(Cn^2n+1-m'^m)yP^4-y(^f^i^2)xPF4.y(CnF2n+i-m'^m)y 

(XI) 



15 



in which 



1<n<8, 0<m<2forn = 1or2, 0<m<4for3<n<8, 1<x<12, 
0 ^ y < 2, 

where Ri and R2are identical or different and are selected from the group con- 
sisting of fluorine, hydrogen, allcyl, fluoroalkyi and perfluoroalkyi substituents, 
and 

where the substituents (CnF2n+i-mHm) are in each case identical or different. 

Of the processes according to the invention, preference is given to those in 
which the compound of the general formula (X) is employed in an excess of up 
to 10 fold, preferably up to 5 fold, particularly preferably up to 2 fold, based on 
the amount of fluoro-a.ct)-bis(aikyifluorophosphorano)alkane(s). 



EM00188 



-9- 

Compounds of the general formula (X) are very particularly preferably 
employed in twice the equimolar amount based on the (fluoro-a.co-alkane- 
diyl)bls[fluoro(fluoroalkyl)]phosphorane employed. 

5 In the processes according to the invention, the reaction with the fluoride salt 
of the general formula (X) is preferably candied out at a temperature of from -35 
to +80°C, preferably from -20 to +50°C, particularly preferably from 10 to 25°C. 

Suitable solvents for the above-mentioned processes are organic carbonates, 
10 preferably ethylene carbonate, propylene carbonate, butylene carbonate, di- 
methyl carbonate, diethyl carbonate, ethyl methyl carbonate or methyl propyl 
carbonate, organic esters, preferably methyl formate, ethyl formate, methyl 
acetate, ethyl acetate, methyl propionate, ethyl propionate, methyl butyrate, 
ethyl butyrate, y-butyrolactone, organic ethers, preferably diethyl ether, di- 
15 methoxyethane or diethoxyethane, organic amides, preferably dimethylform- 
amide, dimethylacetamide, sulfur-containing solvents, preferably dimethyl sul- 
foxide, dimethyl sulfide, diethyl sulfide or propane sulfone, aprotic solvents, 
preferably acetonitrile, acrylonitrile, propionitrile or acetone, or at least partially 
fluorinated derivatives of the above-mentioned solvents, or mixtures of at least 
20 two of these solvents and/or fluorinated derivatives of these solvents. 

* The fluoroalkylphosphate salts of the general formula (I) according to the 

invention are also suitable for use in solid electrolytes. For the purposes of the 
invention, the term solid electrolytes is taken to mean both polymer electro- 

25 lytes, which usually comprise an optionally crosslinked polymer and a conduc- 
tive salt, and also gel electrolytes, which, besides an optionally crosslinked 
polymer and a conductive salt, usually additionally comprise at least one sol- 
vent. 

30 The present invention therefore furthermore also relates to a mixture compris- 
ing 
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a) at least one fluoroalkyi phosphate salt of the general formula (I) 
and 

5 

b) at least one polymer. 

For the purposes of the present Invention, the term mixture covers pure mix- 
tures of components a) and b), mixtures in which the salt of component a) is 
10 included in the polymer of component b), and mixtures in which chemical 

and/or physical bonds exist between the salt of component a) and the polymer 
9^ of component b). 

In a preferred embodiment of the present invention, the mixture according to 
1 5 the invention comprises from 5 to 90% by weight of component a) and from 95 
to 5% by weight of component b), particularly preferably from 10 to 80% by 
weight of component a) and from 90 to 20% by weight of component b). The 
stated weight ratios are in each case based on the sum of components a) and 
b). 

20 

As component b), the mixture according to the invention preferably comprises 
9 a homopolymer or copolymer of acrylonitrile, vinylidene difluoride, methyl 

(meth)acrylate, tetrahydrofuran, ethylene oxide, siloxane, phosphazene or a 
mixture of at least two of the above-mentioned homopolymers and/or copoly- 
25 mers. 

Component b) is particularly preferably a homopolymer or copolymer of vinyli- 
dene difluoride, acrylonitrile, methyl (meth)acrylate or tetrahydrofuran, very 
particularly preferably a homopolymer or copolymer of vinylidene difluoride. 

30 
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These homopolymers and copolymers of vinylidene difluoride are marketed 
under the name Kynar® and Kynarflex® by Atoflna Chemicals. Inc., and under 
the name Solef® by Solvay. 

5 The polymers used in accordance with the invention may also be at least par- 
tially crosslinked. The crosslinking can be canried out using known crosslinking 
agents by conventional methods known to the person skilled in the art. 

Besides the fluoroalkylphosphate salts of the general formula (I) and the poly- 
10 mers, the mixture according to the invention may additionally comprise a sol- 
vent or a solvent mixture of two or more solvents. 

Preferred solvents are organic carbonates, preferably ethylene carbonate, 
propylene carbonate, butylene carbonate, dimethyl carbonate, diethyl carbon- 

15 ate, ethyl methyl carbonate or methyl propyl carbonate, organic esters, pref- 
erably methyl fonnate, ethyl formate, methyl acetate, ethyl acetate, methyl 
propionate, ethyl propionate, methyl butyrate, ethyl butyrate, y-butyrolactone, 
organic ethers, preferably diethyl ether, dimethoxyethane, diethoxyethane, 
organic amides, preferably dimethylformamide, dimethylacetamide, sulfur- 

20 containing solvents, preferably dimethyl sulfoxide, dimethyl sulfide, diethyl sul- 
fide or propane sulfone, aprotic solvents, preferably acetonitrile, acrylonitrile or 
acetone, or at least partially fluorinated derivatives of the above-mentioned 
solvents, or mixtures of at least two of these solvents and/or fluorinated 
derivatives of these solvents. 

25 

The present invention furthermore relates to the use of at least one fluoroalkyl- 
phosphate salt according to the invention or a mixture according to the inven- 
tion in electrolytes, primary batteries, secondary batteries, capacitors, super- 
capacitors and/or galvanic cells, if desired also in combination with further, 
30 known conductive salts and/or additives. 
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The invention furthemnore relates to electrolytes, primary and secondary bat- 
teries, capacitors, supercapacitors and galvanic cells which contain at least 
one fluoroalkylphosphate salt of the general formula (I) according to the inven- 
tion or a mixture according to the invention and, if desired, further conductive 
5 salts and/or additives. Further conductive salts and additives are known to the 
person skilled in the art, for example from Doron Auerbach, Nonaqueous 
Electrochemistry, Marc Dekker Inc., New York 1999; D.Linden, Handbook of 
Batteries, Second Edition, McGraw-Hill inc., New York 1995, and G. Maman- 
tov and A.I. Popov, Chemistry of Nonaqueous Solutions, Current Progress, 
10 VCH Verlagsgesellschaft, Weinheim 1994. They are hereby incorporated by 
way of reference and are regarded as part of the disclosure. 

Electrolytes according to the invention preferably have a concentration of the 
fluoroalkylphosphate salt(s) according to the invention of from 0.01 to 3 mol/l, 
15 preferably from 0.01 to 2 mol/l, particularly preferably from 0.1 to 1 .5 mol/l. 

As solvents for the salts according to the invention, the electrolytes preferably 
comprise organic carbonates, preferably ethylene carbonate, propylene car- 
bonate, butylene carbonate, dimethyl carbonate, diethyl carbonate, ethyl 

20 methyl carbonate or methyl propyl carbonate, organic esters, preferably methyl 
formate, ethyl formate, methyl acetate, ethyl acetate, methyl propionate, ethyl 

^ propionate, methyl butyrate, ethyl butyrate, y-butyrolactone, organic ethers, 
preferably diethyl ether, dimethoxyethane, diethoxyethane, organic amides, 
preferably dimethylformamide, dimethylacetamide, sulfur-containing solvents, 

25 preferably dimethyl sulfoxide, dimethyl sulfide, diethyl sulfide or propane sul- 
fone, aprotic solvents, preferably acetonitrile, acrylonitrile or acetone, or at 
least partially fluorinated derivatives of the above-mentioned solvents, or mix- 
tures of at least two of these solvents and/or fluorinated derivatives of these 
solvents. 

30 
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The fluoroalkylphosphate salts according to the invention and the mixtures 
according to the invention have the advantage that they exhibit absolutely no 
or virtually no signs of decomposition over a very long period in the presence 
of water and have good to very good solubility In most solvents or solvent 

5 mixtures. 

Furthermore, they have high thermal stability and high chemical stability both 
in the solid state and in the dissolved state. Thus, the salts and mixtures 
according to the invention are stable, for example to strong oxidants, such as, 
10 for example, to highly oxidising electrode materials, such as, for example, 

LiMn204, LiNi02 or LiCo02. 

These properties enable electrolytes, batteries, capacitors, supercapacitors 
and galvanic cells which contain these conductive salts to be employed under 
15 extreme conditions, such as, for example, at high temperatures, without their 
service life and performance being impaired by these conditions. 

Furthermore, the corresponding batteries, capacitors, supercapacitors and 
galvanic cells are distinguished by very good voltage constancy, unrestricted 
20 ability to function over many charging and discharging cycles, and by low pro- 
duction costs. 

The use of the fluoroalkylphosphate salts according to the invention or the 
mixtures according to the invention in large batteries, as used, for example, in 
25 electric road vehicles or hybrid road vehicles, is likewise very advantageous 
since, in the case of damage to the batteries, such as, for example, in the case 
of an accident, including in the case of contact with water, for example through 
atmospheric moisture or extinguishing water, toxic and highly caustic hydrogen 
fluoride is not formed. 

30 
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The compounds according to the invention and mixtures tliereof can be used 
in electrolytes for electrochemical cells. They can be employed as conductive 
salts or additives. They can likewise be used in proportions of between 1 and 
99% in combination with other conductive salts used in electrochemical cells. 
5 Suitable are, for example, conductive salts selected from the group consisting 
of LiPFe, LiBF4, LiCI04. LiAsFe. LICF3SO3. LiN(CF3S02)2. LiN(CF3CF2S02)2 
and LiC(CF3S02)3 and mixtures thereof. 



The electrolytes may also comprise organic isocyanates (DE 199 44 603) for 
1 0 reducing the water content. 

It is also possible for compounds of the general formula 
[(IR^(CR2R3)J,Ax)yKt]* ■N(CF3)2 

where 

Kt denotes N. P. As, Sb. S. Se 

15 A denotes N, P, P(0). O, S, S(0). SO2. As, As(0), Sb, Sb(0) 

R\ r2 and R^ 
are identical or different 

and denote H, halogen, substituted and/or unsubstituted alkyi CnH2n+i, substi- 
tuted and/or unsubstituted alkenyl having 1-18 carbon atoms and one or more 

20 double bonds, substituted and/or unsubstituted alkynyl having 1-18 carbon 
atoms and one or more triple bonds, substituted and/or unsubstituted cyclo- 

) alkyI CmH2m.i. mono- or polysubstltuted and/or unsubstituted phenyl, or substi- 
tuted and/or unsubstituted heteroaryl, 

A may be included in R\ R^ and/or R^ in various positions, 

25 Kt may be included in a cyclic or heterocyclic ring, 

the groups bonded to Kt may be Identical or different 
where 

n denotes 1-18 
m denotes 3-7 
30 k denotes 0, 1-6 

I denotes 1 or 2 in the case where x = 1 and 1 in the case where x = 0 
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X 



denotes 0, 1 



y denotes 1-4 

to be present (DE 9941566). The process for the preparation of the com- 
pounds is characterised in that an alkali metal salt of the general formula 



5 



"N(CF3)2 



where D* selected from the group consisting of the alkali metals, is reacted, in 
a polar organic solvent, with a salt of the general formula 



W The compounds according to the invention may also be present in electrolytes 
comprising compounds of the formula 
X-(CYZ)m-S02N(CR' R^R^)2 
15 where 

X denotes H, F, CI, CnF2n+i. CnFzn-i. (S02)kN(CR'R^R^)2 
Y denotes H, F or CI 
Z denotes H, F or CI 

R\ R^, R^ denote H and/or alkyi, fluoroalkyi or cycloalkyi 
20 m denotes 0-9 and, if X = H, m ?£ 0 

n denotes 1-9 
4^ k denotesOif m = Oand k= 1 if m = 1-9, 

prepared by reacting partially or perfluorinated alkylsuifonyl fluorides with di- 

methylamine in organic solvents (DE 199 466 73). 
25 It is also possible to use electrolytes comprising complex salts of the general 

formula (DE 19951 804) 



l(lR\CR2R^)klAx)yKtr E 



where 

10 Kt, A, R\ R^, R^, k, I, X and y are as defined above, and 

"E denotes F', CI", Br", r. BF4", CIO4", AsFs', SbFe" or PFe'. 




M'lEZ]- 



in which: 



X, y 



are 1, 2, 3, 4, 5 or 6 



30 



M 



is a metal ion 



E 



is a Lewis acid selected from the group consisting of 
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BR'R^R^, AIR'R^R^ PR^R^R^R^R^, AsR'R2R^R^R^ VR'R^R^R'^R^. 
R^ to R^ are identical or different, are optionally bonded directly to one another 
by a single or double formation, and may each, individually or together, have 
the meaning of 
5 a halogen (F, CI or Br), 

an alkyi or alkoxy radical (Ci to Cs), which may be partially or fully substituted 
by F. CI. Br, 

an aromatic ring, optionally bonded via oxygen, from the group consisting of 
phenyl, naphthyl, anthracenyl, phenanthrenyl, which may be unsubstituted or 

10 mono- to hexasubstituted by alkyI (Ci to Cs) or F, CI or Br, 

an aromatic heterocyclic ring, optionally bonded via oxygen, from the group 
consisting of pyridyl, pyrazyl and pyrimidyl, which may be unsubstituted or 
mono- to tetrasubstituted by alkyI (Ci to Ca) or F, CI or Br, and 
Z Is OR^ NR^R^ CR^R''R^ OSOzR^. NCSOzR^XSOzR^). 

15 CCSOzR^XSOzR^XSOzR®). OCOR®. where 

R^ to R^ are identical or different, are optionally bonded directly to one another 
by a single or double bond, and each, individually or together, have the 
meaning of 

a hydrogen or have the meaning as R^ to R^. prepared by reacting a corre- 
20 spending boron or phosphorus Lewis acid/solvent adduct with a lithium or 

tetraalkylammonium imide. methanide or triflate. 
I it is also possible for borate salts (DE 199 59 722) of the general formula 



M 



1X+ 



R2 



in which: 

M denotes a metal ion or tetraalkylammonium ion 
25 X, y denote 1 , 2, 3, 4, 5, 6, 
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to R'* are identical or different and denote all^oxy or carboxyl radicals 
(Ci-Ca), which are optionally bonded directly to one another by a single or 
double bond, 

to be present. These borate salts are prepared by reacting lithium tetraalkoxy- 
5 borate or a 1 :1 mixture of lithium alkoxide with a borate with a suitable 
hydroxyl or carboxyl compound in a ratio of 2:1 or 4:1 in an aprotic solvent. 
Additives, such as silane compounds of the general formula 

SiR'R^R^R'* 

where R^ to R'* H 

1 0 CyF2y+1-zHz 

OCyF2y+1-2Hz 
0C(0)CyF2y+1-zHz 

0S02CyF2y+1-zH2 

and 1 < x < 6 

15 1 <y <8 and 

0 < z < 2y+1 

and 

R^ - R'* are identical or different 

and are an aromatic ring from the group consisting of phenyl and naphthyl, 
20 which may be unsubstituted or mono- or polysubstituted by F, CyF2y+i.zHz, 

OCyF2y+i.zHz, 0C(0)CyF2y*i-zHz, OSOzCyFzy+i-zHz, N(CnF2n+i-zHz)2. or 
' are a heterocyclic aromatic ring from the group consisting of pyridyl, pyrazyl 

and pyrimidyl, each of which may be monosubstituted or polysubstituted by F, 

CyF2y+1-zH2, OCyF2y+1.zHz, 0C(0)CyF2y+1-zHz, OS02CyF2y+1-zHz, N(CnF2n+1-2Hz)2 

25 (DE 100 276 26), may also be present. 

The compounds according to the Invention may also be employed in electro- 
lytes comprising lithium fluoroalkylphosphates of the following formula 

l-'*[PFx(CyF2y+i-zHz)6-x] 

in which 
30 1<x<5 
3<y <8 
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0 < z < 2y + 1 

and the iigands (CyFay+i-zHz) may be identical or different, with the exception of 
the compounds of the general formula 

Li"[PF3{CHbFc(CF3)d)el ■ 
5 in which a denotes an integer from 2 to 5, b = 0 or 1 , c = 0 or 1 , d = 2 and 
e denotes an integer from 1 to 4, with the provisos that b and c are not simul- 
taneously each = 0, and the sum a + e is equal to 6, and the Iigands 
(CHbFc(CF3)d) may be identical or different (DE 100 089 55). The process for 
the preparation of lithium fluoroalky I phosphates is characterised in that at least 
1 0 one compound of the general formula 

HmP(CnH2n+l)3-m ("1), 
OP(CnH2n.l)3 (IV). 
ClmP(CnH2n+l)3-m (V), 
FmP(CnH2n.l)3^ (VI). 
15 CloP(CnH2n.l)5^ (VII). 
FoP(CnH2n.l)^ (VIII). 

In each of which 

0<m<2, 3<n<8 and 0 < o < 4, 

is fluorinated by electrolysis in hydrogen fluoride, the resultant mixture of fluo- 
20 rination products is separated by extraction, phase separation and/or distilla- 
tion, and the resultant fluorinated alkylphosphorane is reacted with lithium fluo- 
^ ride in an aprotic solvent or solvent mixture with exclusion of moisture, and the 
resultant salt is purified and isolated by conventional methods. 
The compounds according to the invention may also be employed in electro- 
25 lytes which comprise salts of the formula 
Li[P(OR^)a(OR2)b(OR\(OR^)dFe] 

in which 0 < a+b+c+d < 5 and a+b+c+d+e = 6, and R^ to R'*, Independently of 
one another, are alkyi, aryl or heteroaryl radicals, where at least two of R^ to 
R'* may be bonded directly to one another by a single or double bond (DE 100 
30 16 801). The compounds are prepared by reacting phosphorus(V) compounds 
of the general formula 
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P(OR')a(OR2)b(OR\(OR'')dFe 

in which 0 < a+b+c+d < 6 and a+b+c+d+e = 5, and to R'* are as defined 
above, with lithium fluoride in the presence of an organic solvent. 
It is also possible for ionic liquids of the general formula 

K*A- 

in which: 

is a cation selected from the group consisting of 

R1 

RS*^ N R3 
I 

R4 
R1 

R6^ X^^ R6^ ^N.^ ^R2 





^ .-^A 

RS-^ ^N^^R3 R5'^ N R3 

I I 

R4 R4 





R4'^N'''^R2 
I 

R3 

) Where R^ to R^ are identical or different, are optionally bonded directly to one 
10 another by a single or double bond, and each, individually or together, have 

the following meaning: 

-H, 

- halogen, 

- an alkyi radical (Ci to Cs), which may be partially or fully substituted by fur- 
15 ther groups, preferably F, CI, N(CnF(2n+i-x)Hx)2, 0(CnF(2n+i-x)Hx), 

S02(CnF(2n+i-x)Hx). CnF(2n*i.x)Hx, whore 1 < n < 6 and 0 < X < 1 3. 
and 

A~ an anion selected from the group consisting of 
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[B(OR')n(OR^)40R^)o(OR^)p]- 
where 0<n, m. o, p<4, and 
m+n+o+p = 4 

where R^ to R^ are different or are Identical in pairs, are optionally bonded 
5 directly to one another by a single or double bond and each, individually or 
together, 

have the meaning of an aromatic ring from the group consisting of phenyl, 
naphthyi, anthracenyl and phenanthrenyl, which may be unsubstituted or 
mono- or polysubstituted by CnF(2n+i-x)Hx, where 1<n<6 and 0<x<13, or halogen 

10 or halogen (F, CI, Br), 

have the meaning of an aromatic heterocyclic ring from the group consisting of 
pyridyl, pyrazyl and pyrimldyl, which may be unsubstituted or mono- or poly- 
substituted by CnF(2n+i-x)Hx, where 1<n<6 and 0<x<13, or halogen (F, CI, Br), 
have the meaning of an alkyi radical (Ci to Cs). which may be partially or fully 

15 substituted by further groups, preferably F, CI, N(CnF(2n+i-x)Hx)2, 

0(CnF(2n*i-x)Hx). S02(CnF(2n+i-x)Hx). CnF(2n+i-x)Hx. whore 1<n<6 and 0<x<13, 
or OR^ to 0R^ 

individually or together, have the meaning of an aromatic or aliphatic carboxyl, 

dicarboxyl. oxysuifonyl or oxycarbonyl radical, which may be partially or fully 
20 substituted by further groups, preferably F, CI, N(CnF(2n+i-x)Hx)2. 0(CnF(2n+i- 

x)Hx), S02(CnF(2n+i-x)Hx), CnF(2n+i-x)Hx, Where 1<n<6 and 0<x<13 (DE 100 265 
^ 65), to be present in the electrolyte. It is also possible for ionic liquids K'^A' 

where is as defined above and 

A' an anion selected from the group consisting of 



25 



■•] 



PFx(CyF2y+l-zHz)6 



and 1 < X < 6 

1 < y < 8 and 
0 < z < 2y+1 

to be present (DE 100 279 95). 
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The compounds according to the invention may also be present in electrolytes 
comprising compounds of the following formula: 
NR^R^R^ 

in which 

5 R^ and denote H, CyPzy+i-zH^ or (CnF2n-mHm)X, where X is an aromatic or 
heterocyclic radical, and 

R^ denotes (CnF2n-mHm)Y, where Y Is a heterocyclic radical, or 

(CoF2o-pHp)Z, where Z is an aromatic radical, 

and where n, m, o, p, y and z satisfy the following conditions: 

10 0<n <6, 
0 < m < 2n, 
2 < o < 6, 

0 < p < 2o, 

1 < y < 8, and 
15 0<z<2y+1, 

for reducing the acid content in aprotic electrolyte systems in electrochemical 
cells. 

It is also possible for fluoroalkylphosphates of the general formula 

2y+1-2Hz)6-x]n 

20 in which 
I 1 <x<6 
1 <y <8 

0 < z < 2y + 1 

1 < n < 3 and 

25 M"* has the meaning of a mono- to trivalent cation, in particular: 
NR^R^R^R^, 
PR^R^R^R"*, 

P(NR^R2)kR^mRVk-ni (where k=1-4, m = 0-3 and k+m<4), 
C(NR^ r2)(NR^R'*)(NR®R®), 
30 C(aryl)3, Rb or tropylium. 
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where to denote H, alkyl. aryl (d-Ca), which may be partially substituted 
by F, CI or Br, 

with the exception of M"* = Li*. Na*. Cs*, and Ag*. to be present. These 
fluoroalkyiphosphates are obtainable by reacting phosphoranes with a fluoride 
5 or metal fluoroalkyiphosphates with a fluoride or chloride in organic aprotic 
solvents (DE 100 388 58). 

The electrolyte may also comprise a mixture which comprises 

a) at least one lithium fluoroalkylphosphate salt of the general formula 

Li+[PFx(CyF2y+i.zHz)6-xr 
10 in which 
, 1 <x<5 

1 < y < 8 and 

0 < 2 < 2y+1 

and the ligands (CyF2y+i_zH2) are in each case identical or different and 

15 b) at least one polymer (DE 1 GO 58 264). 

The electrolyte may also comprise tetrakisfluoroalkyi borate salts of the gen- 
eral formula 

Mn+ ([BR4]-)n 

in which 

20 M""^ is a monovalent, divalent or trivalent cation, 

* the ligands R are in each case identical and are (CxF2x+i), where 1 < x < 8, 

and n = 1 , 2 or 3 (DE ICQ 558 11). The process for the preparation of tetrakis- 
fluoroalkyi borate salts is characterised in that at least one compound of the 

general formula M""*" ([B(CN)4]")n, in which M""*" and n are as defined above, 

25 is fluorinated by reaction with at least one fluorinating agent In at least one sol- 
vent, and the resultant fluorinated compound is purified and isolated by con- 
ventional methods. 

The electrolyte may also comprise borate salts of the general formula 

M"" [BFx(C„F 

2y+1 -2H2)4-x]n 
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in which: 

1<x<3, 1<y<8 and 0<z<2y+1 and 

M denotes a mono- to trivaient cation (1<n<3), apart from potassium and 

barium, 
5 In particular: 
Li. 

NR^R^R^R^ PR^R^R^R^, P(NR^R®)kR''mRVk-m (where k=1-4. m=0-3 and 
k+m<4) or 

C(NR^R®)(NR^R®)(NR^R^°), where 
10 rMoR"* CyF2y+i-zHz and 
R^ to R^° H or CyFzy+i.zHz or 

an aromatic heterocyclic cation, in particular a nitrogen- and/or oxygen- and/or 
sulfur-containing aromatic heterocyclic cation (DE 101 031 89). The process 
for the preparation of these compounds is characterised in that 
15 a) BFs/solvent complexes are reacted 1:1 with alkyllithium with cooling, the 
majority of the solvent Is removed after slow warming, and the solid is subse- 
quently filtered off and washed with a suitable solvent, or 

b) lithium salts in a suitable solvent are reacted 1:1 with B(CF3)F3 salts, the 
mixture is stirred at elevated temperature, the solvent is removed, aprotic non- 
20 aqueous solvents, preferably solvents which are used in electrochemical cells, 

are added to the reaction mixture, and the mixture is dried, or 

c) B(CF3)F3 salts are reacted 1 :1 to 1 :1 .5 with lithium salts in water at elevated 
temperature and heated at the boiling point for from 0.5 to 2 hours, the water is 
removed, aprotic non-aqueous solvents, preferably solvents which are used in 

25 electrochemical cells, are added to the reaction mixture, and the mixture is 
dried. 

The electrolyte may also comprise fluoroalkylphosphate salts of the general 
formula 

(IPFx(CyF2y+i.zHz)6-xr)n 
30 in which 
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M""*" is a monovalent, divalent or trivalent cation, 
1 <x^5. 
1 < y < 8 and 

0 < z < 2y + 1 , n = 1 , 2 or 3, and the ligands (CyF2y+-i_zH2) are in each case 

5 identical or different, where the fluoroalkylphosphate salts in which M""*" is a 
lithium cation and the salts 
M+([PF4(CF3)2r). where IVI+ = Cs+, Ag+ or K+. 

M'^(IPF4(C2F5)2r). where M+ = Cs+, 

M"^([PF3(C2F5)3r), where M+ = Cs+, K+, Na+ or para-CI(C6H4)N2'^, 

^10 M+([PF3(C3F7)3]-), where M+ = Cs+, K+, Na+, para-CI(C6H4)N2'^ or para- 

02N(C6H4)N2"'" are excluded (DE 100 558 12). The process for the prepara- 
tion of these fluoroalkylphosphate salts is characterised in that at least one 
compound of the general formula 

HrP(CsH2s+i)3-r. 
15 OP(CsH2s+i)3' 
ClrP(CsH2s+i)3-r. 
FrP(CsH2s+i)3-r. 
^ CltP(CsH2s+i)5-t and/or 

FtP(CsH2s+l)5-t. 
20 in which in each case 
0<r<2 
3 < s < 8 and 
0<t<4, 

is fluorinated by electrolysis in hydrogen fluoride, the resultant mixture of fluo- 
25 rination products is separated, and the resultant fluorinated alkylphosphorane 

is reacted with a compound of the general formula M"'*"(F')r,, in which M""*" and 

n are as defined above, in an aprotic solvent or solvent mixture with exclusion 
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of moisture, and the resultant fluoroalkylphosphate salt is purified and isolated 
by conventional methods. 

The compounds according to the invention can be employed In electrolytes for 
electrochemical cells containing positive-electrode material consisting of 
5 coated metal cores selected from the group consisting of Sb, Bi, Cd, In, Pb, 
Ga and tin or alloys thereof (DE 100 16 024). The process for the preparation 
of this positive-electrode material is characterised in that 

a) a suspension or sol of the metal or alloy core in urotropin is prepared, 

b) the suspension are emulsified with C5-Ci2-hydrocarbons, 

1 0 c) the emulsion are precipitated onto the metal or alloy cores, and 

d) the metal hydroxides or oxyhydroxides are converted into the corresponding 
oxide by heating the system. 

The compounds according to the invention can also be employed in electro- 
lytes for electrochemical cells having negative electrodes made from common 

15 lithium intercalation and insertion compounds, but also with negative-electrode 
materials consisting of lithium mixed oxide particles coated with one or more 
metal oxides (DE 199 22 522). They may also consist of lithium mixed oxide 
particles which are coated with one or more polymers (DE 199 46 066), ob- 
tained by a process in which the particles are suspended in a solvent, and the 

20 coated particles are subsequently filtered off, dried and optionally calcined. 
The compounds according to the invention can likewise be employed in sys- 
tems having negative electrodes consisting of lithium mixed oxide particles 
with one or more coatings of alkali metal compounds and metal oxides 
(DE 100 14 884). The process for the preparation of these materials is charac- 

25 terised in that the particles are suspended in an organic solvent, an alkali 
metal salt compound suspended in an organic solvent is added, metal oxides 
dissolved in an organic solvent are added, a hydrolysis solution is added to the 
suspension, and the coated particles are subsequently filtered off, dried and 
calcined. The compounds according to the invention can likewise be employed 

30 in systems comprising positive-electrode materials with doped tin oxide 
(DE 100 257 61). This positive-electrode material is prepared by 

EM00188 



-26- 

a) adding urea to a tin chloride solution, 

b) adding urotropin and a suitable doping compound to the solution, 

c) emulsifying the resultant sol in petroleum ether, 

d) washing the resultant gel and removing the solvent by suction, and 
5 e) drying and heating the gel. 

The compounds according to the invention can likewise be employed in sys- 
tems comprising positive-electrode materials with reduced tin oxide 
(DE 100 257 62). This positive-electrode material is prepared by 
a) adding urea to a tin chloride solution, 
1 0 b) adding urotropin to the solution. 

c) emulsifying the resultant sol in petroleum ether, 

d) washing the resultant gel and removing the solvent by suction, 

e) drying and heating the gel, and 

f) exposing the resultant Sn02 to a reducing gas stream in an aeratable oven. 

15 

The invention Is explained below with reference to examples. These examples 

serve merely to explain the invention and do not restrict the general inventive 
thinking. 

20 Examples 

* Example 1 : 

Synthesis of dilithium perfiuoro-1 ,2-bis(diethyltrifluorophosphato)ethane 

25 

9.50 g of a solvent mixture (ethylene carbonate : dimethyl carbonate : diethyl 
carbonate = 2:2:1 ratio by weight) and 3.50 g (4.9 mmol) of perfluoro-1 ,2- 
bis(diethyldifluorophosphorano)ethane were added at room temperature to 
0.44 g (16.9 mmol) of LiF in a PFA vessel under a dry gas atmosphere. The 
30 reaction mixture was stirred at room temperature for three hours until all the 
perfluoro-1 .2-bis(diethyldifluorophosphorano)ethane (base sediment) had dis- 
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solved. The excess LiF was filtered off, and the solution (electrolyte), which 
comprised 3.75 g of dillthlum perfluoro-1 ,2-bis(diethyltrifluorophosphato)- 
ethane (corresponding to a salt concentration in the electrolyte solution of 
28.3% or 0.48 mol/l), was analysed by and ^^P NMR spectra. To this end, 
5 the spectra were measured for clean electrolytes in an PEP tube without dilu- 
tion with another solvent using a special method (CD3COCD3 film). CCI3F was 
used as external reference in the film. The frequency of 566.22 Hz of 85% 
H3PO4 as ^^P reference in acetone-de was separately determined experimen- 
tally. Both and NMR spectra were measured using a Bruker DRX 500 

10 spectrometer (470.6 MHz for and 202.5 Mhz for ^V). 

The ^®F and NMR spectra show the formation of different stereoisomers of 

^ the salt dilithium perfluoro-1 ,2-bis(diethyltrifluorophosphato)ethane through the 
reaction of the fluoride ion with the phosphorus atom between perfluoroethyl 
groups or between perfluoroethyl group and perfluoroethylene bridge in the 

1 5 starting molecule perfluoro-1 ,2-bis(diethyldifluorophosphorano)ethane. 

2 Lil(C2F5)2PF3(CF2)2PF3(C2F5) 2f' 

Isomer A (about 67%) 

20 ^^F NMR: -46.19 dm (2 F, 2 PF); -87.57 dm (4 F, 2 PF2); -82.28 m (6 F. 
2 CF3); 

> -82.42 m (6 F, 2 CF3); -11 2.00 dm (4 F. 2 CF2); -1 15.13 dm (4 F, 

2 CF2); -1 1 6.25 dm (4 F, 2 CF2); 

jV.f = 927 Hz; jV.f = 922 Hz; J^f = 105 Hz; JVf = 74 Hz; J^f = 
25 77 Hz. 

NMR: -144.7 qm 

Isomer B (about 33%) 

30 ^¥ NMR: -43.39 dm (2 F, 2 PF); -87.73 dm (4 F, 2 PF2); -80.39 m (1 2 F, 
4 CF3); -1 10.55 dm (4 F. 2 CF2); -1 15.70 dm (8 F, 4 CF2); 
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jV.f = 860 Hz; jV,f = 930 Hz. 
^^P NMR: -144.8 qm 

Example 2: 

5 

Synthesis of a mixture of dilithium perfluoro-1 ,2-bis(diethyltrjfluorophosphato)- 
ethane and lithium tris(pentafluoroethyl)trlfluorophosphate 

9.27 g of a solvent mixture (ethylene carbonate : dimethyl carbonate : diethyl 

10 carbonate = 2:2:1 ratio by weight) and 3.39 g of a mixture of perfluoro-1 ,2- 
bis(diethyldifluorophosphorano)ethane (about 60 mol%) and tris(pentafluoro- 

^ ethyl)difluorophosphorane (about 40 mol%) [this mixture was prepared by 
electrochemical fluorination of 1 ,2-bis(diethylphosphino)ethane and used fur- 
ther without separation] were added at room temperature to 0.46 g 

15 (17.7 mmol) of LIF in a PFA vessel under a dry gas atmosphere. The reaction 
mixture was stirred at room temperature for three hours until all the perfluorin- 
ated starting material (base sediment) had dissolved. The excess LiF was fil- 
tered off, and the solution (electrolyte), which comprised 2.60 g of dilithium 
perfluoro-1, 2-bis(diethyltrifluorophosphato)ethane (corresponding to a salt 

20 concentration in the electrolyte solution of 0.34 mol/l) and 1 .02 g of lithium 
tris(pentafluoroethyl)trifluorophosphate (corresponding to a salt concentration 

^ In the electrolyte solution of 0.23 mol/l), was analysed by ^^F and ^^P NMR 
spectra. The total concentration of the salt in the electrolyte solution was 
28.1%. To this end, the spectra were measured as described under Example 1 

25 and confirm the presence of the two salts in the solution. 
2 Li*[(C2F5)2PF3(CF2)2PF3(C2F5) 2l"^ (about 60 mol%) 

NMR: -144.7 qm 
30 Li^[(C2F5)3PF3r 
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^^P NMR: -150.3 qm 
Example 3: 

5 Synthesis of di(tetraethylammonlum)perfluoro-1 ,2-bis(dlethyltrlfluorophos- 
phato)ethane 

The synthesis of di(tetraethylammonium)perfluoro-1 ,2-bis(diethyltrifluoro- 
phosphato)ethane was canried out analogously to the synthesis described in 
10 Example 1 , with anhydrous tetraethylammonium fluoride being used instead of 
LiF. 

and NMR spectra analyses show exclusively signals which can be 
assigned to the anion (see Example 1). 



15 



20 



Example 4 

Oxidation stability of the perfluoro-1,2-bis(diethyltrifluorophosphato)ethane 
anion 



In a measurement cell with platinum working electrode, lithium counter- 
^ electrode and lithium reference electrode, in each case 5 cyclic voltammo- 
grams were recorded one after the other. To this end, the potential was firstly 
increased starting from the rest potential at a rate of 10 mV/s to 6 V against 
25 Li/Li*, and then moved back to the rest potential. 

Electrolyte: 0.5 mol/kgLm of dilithium perfluoro-1,2-bis(diethyltrifluorophos- 
phato)ethane In EC/DMC (1:1. ethylene carbonate/dimethyl carbonate). The 
oxidation potential was determined as > 5 V against Li/L\* (in this respect, see 
Figure 1 ). 

30 
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Drawings 
Figure 1 

Figure 1 shows the results from the measurement cell described in Example 4, 
with the cyclic voltammograms being recorded under the conditions quoted in 
this example with dilithium perfluoro-1 ,2-bis(diethyltrifluorophosphato)ethane 
as conductive salt. 
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PATENT CLAIMS 

1 . Fluoroalkylphosphate salts of the general formula 
5 (Ma+)bl(CnF2n+1-mHm)yPF5-y(CRiR2)xPF5-y(CnF2n+1-mHm)yl (a*b / 2) 

(I) 

in \A^lch 

^1 0 M^"*" a monovalent, divalent or trivalent cation, 

a = 1, 2 or 3, 

b = 2 for a = 1 , 
15 b = 2fora = 3. 

b = 1 for a = 2 

and in each case 

^20 1 < n < 8, 

0 < m < 2 for n = 1 or 2, 
0 < m < 4 for 3 < n < 8, 

25 1<x<12, 

0 ^ y :^ 2, 
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where Ri and Raare in each case identical or different and are selected 
from the group consisting of fluorine, hydrogen, alkyi, fluoroalkyi and per- 
fluoroalkyl substituents, and 

where the substituents (CnFan+i-mHm) are in each case identical or differ- 
ent. 

Fluoroalkylphosphate salts according to Claim 1 , characterised in that the 

cation M^'*' is an alkali metal cation, preferably a lithium, sodium or 
potassium cation, particularly preferably a lithium cation. 

Fluoroalkylphosphate salts according to Claim 1 , characterised in that the 
cation M^''' is a magnesium or aluminium cation. 

Fluoroalkylphosphate salts according to Claim 1 , characterised in that 
M^"*" is an organic cation, preferably 

a nitrosyi cation, a nitryl cation or an organic cation with the general for- 
mula [N(r7)41+. [P(r7)4]+, (P(N(R7)2)4l+or [C(N(r7)2)31+. where the 

radicals R^ are in each case identical or different and stand for 
H or alkyI (d-io). 

where any H atoms in the alkyI chain may be substituted by fluorine or an 
aromatic radical, optionally containing heteroatoms, or a cycloalkyi radi- 
cal, preferably having 5-6 members, and/or C atoms in the aikyi chain 
may be replaced by heteroatoms, preferably oxygen. 

Fluoroalkylphosphate salts according to Claim 4, characterised in that 
1<o<6, 1<p< 2o+1 , 1 < q < 2o+1 and A in each case denotes an 



88 
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aromatic radical, which optionally contains heteroatoms, or a cycloalkyi 
radical, which preferably has 5 or 6 members. 

6. Fluoroalkylphosphate salts according to Claim 4 or 5, characterised in that 
A in each case denotes a 5- or 6-membered aromatic radical, which 
optionally contains nitrogen and/or sulfur and/or oxygen atoms, or a 
cycloalkyi radical, which preferably has 5 or 6 members, preferably a 
phenyl radical or pyridine radical. 

7. Fluoroalkylphosphate salts according to Claim 1 , characterised in that 
M^**" is a heteroaromatic cation of the general formula (II) to (IX) 
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if desired also two of the radicals R'' to together, denote an H radical, 
a halogen radical, preferably a fluorine radical, or a Ci.8-alkyl radical, 

which may optionally be substituted by 

F. CI. N(CrF(2r+l-s)Hs)2. 0(CrF(2r+1-s)Hs). S02(CrF(2r+1-s)Hs) or 
^r^(2r+1-s)'^S' which 1 ^ r < 6 and 0 < s < 2r+1 , 

where the radicals to r6 cannot be halogens if the radicals to r6 
are bonded directly to nitrogen. 

8. Fluoroalkylphosphate salts according to one of Claims 1 to 7, character- 
ised in that 1 < n < 6, preferably 1 < n < 3. 
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9. Fluoroalkylphosphate salts according to one of Claims 1 to 8, character- 
ised In that 1 < X < 8. preferably 1 < x < 4. 

10. Fluoroalkylphosphate salts according to one of Claims 1 to 9, character- 
5 ised in that m = 0. 

1 1 . Fluoroalkylphosphate salts according to one of Claims 1 to 10, character- 
ised in that y = 2. 

12. Fluoroalkylphosphate salts according to one of Claims 1 to 1 1, character- 
ised in that Ri and R2 are fluorine. 

13. Fluoroalkylphosphate salts according to Claim 1: 

1 5 (LI+)2[(C2F5)2PF3(CF2)2PF3(C2F5)2](2-) 
and 

(N(C2H5)4+)2[(C2F5)2PF3(CF2)2PF3(C2F5)2]<2-) 

14. Process for the preparation of fluoroalkylphosphate salts according to one 
of Claims 1 to 13, characterised in that at least one fluoro-a,ci>-bis(aikyl- 
fluorophosphorano)alkane is reacted with at least one fluoride salt of the 
general formula (X) 

(Ma+) [F-]a 
(X) 

in which (M^'*') and has the meaning according to Claims 1 to 13, in solu- 
tion to give a fluoroalkylphosphate salt of the general formula (I) according 
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to Claim 1 , and the latter Is, where appropriate, purified and/or isolated by 
conventional methods. 

15. Process according to Claim 14, characterised in that the fluoro-a,<D-bls- 
(alkylfluorophosphorano)alkane employed is at least one compound of 
the general formula (XI) 

(^n'^2n+1-m'^m)yP^4-y(^RiR2)xP^4-y(Cn^2n+1-m^^m)y 

(XI) 

in which 

1<n<8, 0<m<2forn = 1or2, 0<m<4for3<n<8, 1:^x<12, 
0<y <2, 

where Ri and R2are identical or different and are selected from the group 
consisting of fluorine, hydrogen, alkyi, fluoroalkyi and perfluoroalkyi sub- 
stituents, and 

where the substituents (CnFan+i-mHm) are in each case identical or differ- 
ent. 

16. Process according to Claim 14 or 15, characterised in that the compound 
of the general formula (X) according to Claim 14 is employed in an 

25 excess of up to 10 fold, preferably up to 5 fold, particularly preferably up 

to 2 fold, based on the amount of fluoro-a,o>-bis(alkytfluorophosphorano)- 
alkane(s). 

17. Process according to one of Claims 14 to 16, characterised in that the 

30 reaction with the compound of the general formula (X) according to Claim 
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14 is carried out at a temperature of from -35 to +80*'C. preferably from 
-20 to +50''C. particularly preferably from -10 to 25°C. 

Process according to one of Claims 14 to 17, characterised in that the sol- 
vents employed are organic carbonates, preferably ethylene carbonate, 
propylene carbonate, butylene carbonate, dimethyl carbonate, diethyl 
carbonate, ethyl methyl carbonate or methyl propyl carbonate, organic 
esters, preferably methyl formate, ethyl fomnate, methyl acetate, ethyl 
acetate, methyl propionate, ethyl propionate, methyl butyrate, ethyl 
butyrate, y-butyrolactone, organic ethers, preferably diethyl ether, di- 
methoxyethane, diethoxyethane, organic amides, preferably dimethyl- 
formamide or dimethylacetamide, sulfur-containing solvents, preferably 
dimethyl sulfoxide, dimethyl sulfide, diethyl sulfide or propane sulfone, 
aprotic solvents, preferably acetonitrile, acrylonitrile, propionitrile or ace- 
tone, or at least partially fluorinated derivatives of the above-mentioned 
solvents, or mixtures of at least two of these solvents and/or fluorinated 
derivatives of these solvents. 

19. Mixture comprising 

20 

a) at least one fluoroalkylphosphate salt of the general formula (I) 
' according to Claims 1 to 13 

and 

25 

b) at least one polymer. 

20. Mixture according to Claim 19, characterised in that it comprises from 5 to 

90% by weight of component a) and from 95 to 5% by weight of compo- 
se nent b), preferably from 10 to 80% by weight of component a) and from 



18. 



10 



15 
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90 to 20% by weight of component b), in each case based on the sum of 
components a) and b). 

21 . Mixture according to Claim 19 or 20, characterised in that component b) 
5 is a homopolymer or copolymer of acrylonitrile, vinylidene difluoride, 

methyl methacrylate, tetrahydrofuran, ethylene oxide, siloxane, phos- 
phazene or a mixture of at least two of the above-mentioned homo- 
polymers and/or copolymers. 

10 22. Mixture according to Claim 21 , characterised in that component b) is a 
homopolymer or copolymer of vinylidene difluoride, acrylonitrile, methyl 

^ methacrylate, tetrahydrofuran, preferably a homopolymer or copolymer of 

vinylidene difluoride. 

1 5 23. Mixture according to one of Claims 1 9 to 22, characterised in that the 
polymer is at least partially crossllnked. 

24. Mixture according to one of Claims 19 to 23, characterised in that it addi- 
tionally comprises at least one solvent. 

20 

25. Mixture according to Claim 24, characterised in that the solvents present 
^ areorganic carbonates, preferably ethylene carbonate, propylene carbon- 
ate, butylene carbonate, dimethyl carbonate, diethyl carbonate, ethyl 
methyl carbonate or methyl propyl carbonate, organic esters, preferably 

25 methyl formate, ethyl formate, methyl acetate, ethyl acetate, methyl pro- 

pionate, ethyl propionate, methyl butyrate, ethyl butyrate, y-butyrolactone, 
organic ethers, preferably diethyl ether, dimethoxyethane, diethoxy- 
ethane, organic amides, preferably dimethylformamide or dimethylacet- 
amide, sulfur-containing solvents, preferably dimethyl sulfoxide, dimethyl 

30 sulfide, diethyl sulfide or propane sulfone, aprotic solvents, preferably 

acetonitrile, acrylonitrile or acetone, or at least partially fluorinated deriva- 
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tives of the above-mentioned solvents, or mixtures of at least two of tliese 
solvents and/or fluorinated derivatives of these solvents. 

26. Use of at least one fluoroalkylphosphate salt according to one of Claims 1 
to 13 or at least one mixture according to one of Claims 19 to 25 in elec- 
trolytes, primary batteries, secondary batteries, capacitors, supercapaci- 
tors or galvanic cells, if desired also in combination with further conduc- 
tive salts and/or additives. 

27. Electrolytes comprising at least one fluoroalkylphosphate salt according 
to one of Claims 1 to 13 or at least one mixture according to one of 
Claims 19 to 25. 

28. Electrolytes according to Claim 27, characterised in that the concentration 
of the fluoroalkylphosphate salt(s) in the electrolyte is from 0.01 to 3 mol/l, 
preferably from 0.01 to 2 moi/i, particularly preferably from 0.1 to 

1.5 mol/l. 

29. Primary batteries containing at least one fluoroalkylphosphate salt 
according to one of Claims 1 to 13 or at least one mixture according to 
one of Claims 19 to 25. 

30. Secondary batteries containing at least one fluoroalkylphosphate salt 
according to one of Claims 1 to 13 or at least one mixture according to 
one of Claims 1 9 to 25. 

31 . Capacitors containing at least one fluoroalkylphosphate salt according to 
one of Claims 1 to 13 or at least one mixture according to one of Claims 
19 to 25. 



EM00188 



-40- 



32. Supercapacitors containing at least one f1uoroall<ylphosphate salts 
according to one of Claims 1 to 13 or at least one mixture according to 
one of Claims 19 to 25. 

33. Galvanic cells containing at least one fluoroalkylphosphate salt according 
to one of Claims 1 to 13 or at least one mixture according to one of 
Claims 19 to 25. 
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Abstract 



The present invention relates to fluoroall^ylpliosphate salts and to a process 
for their preparation. The present invention furthermore relates to mixtures 
which comprise the fluoroalky I phosphate salts according to the invention, and 
to the use of these salts or these mixtures in electrolytes, primary batteries, 
secondary batteries, capacitors, supercapacitors or galvanic cells. 
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